Abstract: Two classes of poly(amide-imide)s with mono-and bisazoaromatic chromophores in the side chain have been synthesized using one-step hightemperature polycondensation. The influence of the structures of the macromolecules on their properties was investigated. Preliminary results of the kinetics of holographic grating recording using 514.5 nm Ar + laser light for chosen poly(amideimide) films are presented. The gratings were recorded using two linearly polarized beams with s-s or s-p configurations. For comparative purposes all experimental conditions (light intensity, two-beams intersection angle) were kept unchanged. It was found that time constants of grating build-up were significantly larger for polymers containing a chromophore with two azo groups when compared with the same polymers having a single azo group. On the other hand diffraction efficiencies were lower for polymers containing a chromophore with two azo groups than with a single azo group.
Introduction
Polymers containing azoaromatic chromophore units have been the subject of intensive research during the past few years, because of the possibility of using photosensitive polymers for reversible digital optical storage, holographic and reversible volumetric optical storage, photo-optical switches and many others [1] [2] [3] .
The photosensitive properties of polymers are a consequence of the resonant reversible photoisomerisation with respect to the -N=N-of azobenzene group. The NLO chromophore can be dispersed in a polymer matrix, introduced into the main chain or bonded as a side group. Holography is one of the emerging techniques widely used in photonic technologies. Holographic techniques can be used in various fields related to interferometry, optical computing, optical image correlation, phase aberration correction etc. A number of materials for dynamic holography have been proposed (liquid crystals, polymeric liquid crystals, modified glass, photorefractive 1 crystals) but we think that polymers functionalized with azobenzene moieties can also be employed in that field due to their high sensitivity and reversibility [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The optical properties of azo-functionalized polymers are mainly influenced by three structural factors: the polymer backbone, the structure of the azo-chromophore and the linkage between the backbone and the azo-chromophore [17] [18] [19] .
Aromatic polyimides with appended NLO chromophores are excellent materials for electronic and photonic-based technologies [20] [21] [22] [23] [24] [25] [26] . However, many polyimides are insoluble in common organic solvents due to their rigid backbones, thus their applications are limited due to difficult processability. To overcome such a difficulty, polymer structure modification is necessary by introduction of bulky and asymmetrical groups into the polymer backbone or incorporation of non-coplanar structural units in the main chain [27] [28] [29] [30] . For the purpose of this work, two classes of poly(amideimide)s with mono-and bisazoaromatic groups in their chains were synthesized.
Experimental part
All the commercial materials, reagent and solvents were purchased from Aldrich Chemical Co. and used without further purification.
Measurements
IR spectra were recorded with a Bio-Rad FTS 40 A spectrometer in KBr pellets.
1 H NMR spectra were recorded with a Varian Inova 300 spectrometer using dimethyl sulfoxide (DMSO-d 6 ) as a solvent and tetramethylsilane (TMS) as an internal reference.
The melting points and the glass transition temperatures of the obtained polymers were determined via differential scanning calorimetry with a DSC 2010 TA instrument at a heating rate of 20°C/min using sealed aluminium pans (sample weight about 20 mg) and nitrogen atmosphere (flow rate was about 30 ml/min).
Optical transmission spectra were performed at room temperature in dimethylacetamide (DMA) solution with a Beckmann Acta M-IV spectrophotometer within the 200 -600 nm range and using a Unicam UV 300 Thermo Spectronic for film measurements. A deuterium lamp was the source of ultraviolet light, while tungsten lamps were used for visible and near IR regions in this spectrophotometer.
For elemental analysis a CHNS Perkin Elmer 2400 apparatus was used.
Molar masses of monomers were determined via mass spectroscopy (MS) on a Finnigan MAT 95S doubly focusing instrument. Spectra were acquired in positive-ion mode (magnetic scan).
A derivatograph Q-1500D MOM was used for thermogravimetric (TG) analysis (in nitrogen, heating rate 10°C/min).
Syntheses of monomers
Synthesis of 2,4-diamino-4'-nitroazobenzene (1) Diamine 1 was prepared according to ref. [31] . It was purified by recrystallization from a mixture methanol : acetone (3:1 v/v). Elem. analysis: Found (Calc.), in %: C 55.95 (56.03); H 4.31 (4.31); N 27.34 (27.21) . FTIR and 1 H NMR spectra are the same as in ref. [31] . Preparation of diamine 2 was described in refs. [32, 33] . Briefly:
A solution of 10 mmol of sodium nitrite (0.71 g) in 1.5 ml of water was added dropwise with stirring to a cooled paste containing 10 mmol (2.5 g) of Disperse Orange-3 (DO-3), 10 ml of water and 2.5 ml of conc. hydrochloric acid at a temperature between 0 -5°C during 30 min. The obtained solution of diazonium salt was coupled with 10 mmol of m-phenylenediamine (1.09 g) dissolved in 0.9 ml of conc. hydrochloric acid and 10 ml of water at about 0°C over 30 min. Then sodium acetate (2.3 g) was added and the solution was left for 1.5 h at room temperature. Then the mixture was neutralised with a 20% sodium hydroxide solution to pH 7 and stirred for 1 h at room temperature.
The precipitate was filtered, washed with water till the filtrate was colourless, and then dried. The product was obtained as a black powder with 91% yield. 1 H NMR, FTIR spectra and elemental analyses confirmed the structure of the monomer. 
Synthesis of polymers
Poly(amide-imide)s were prepared by reaction of diamine 1 or 2 with various diamidedianhydrides (prepared according to procedure described in ref. [34] ).
The solution of diamine (1 mmol) and dianhydride (1 mmol) in 6.8 ml of a mixture of 1-methylpyrrolidone (NMP) and o-dichlorobenzene (80/20 v/v) was heated with stirring at 175°C for 3.5 h under N 2 atmosphere. The obtained polymer solution was 3 diluted with 7 ml NMP and poured into 200 ml of stirred methanol, filtered and extracted with boiling methanol (Soxhlet apparatus).
The polymers with amide-imide groups in the main chain were characterised by FTIR, NMR, DSC, UV-vis spectroscopy (in DMA solution or as a film) and elemental analyses. Polymer structures are shown in Fig. 3 . Fig. 3 . Structures of the poly(amide-imide)s
Results and discussion
New photosensitive polymers containing nitro-azobenzene moieties in the side chain have been synthesized. All the polymers showed in FTIR spectra characteristic absorption bands due to carbonyl stretching vibration in the imide group at 1781 and 1724 cm -1 , at 1660 cm -1 due to carbonyl stretching vibration in the amide group, and at 1520 and 1340 cm -1 due to the NO 2 group. Elemental analyses are presented in Tab. 1.
The polymers exhibit good thermal resistance and their decomposition temperatures detected at 5% weight loss during dynamical heating (TG) were observed in the range of 380 -230°C (Tab. 2). The polymers exhibit high glass transition temperatures (T g ) in the range of 205 -281°C. Polymers 1b and 2b containing tetramethylsubstituted diaminodiphenylmethane (-Ar-) exhibited higher T g 's in comparison to the poly(amide-imide)s synthesized from unsubstituted diamines (-Ar-), 1e and 2e. A similar behaviour was observed for polyimides and was explained by hindered rotation at imide bonds caused by methyl substituents, what made the molecules stiffer [35] . The presence of the chromophore with two azo groups in most cases causes a lowering of the T g of the polymers.
The UV-vis spectra of poly(amide-imide)s in DMA solution (c = 10 -5 mol/l) exhibit two absorption bands. The main absorption peak was observed in the range of 327 -349 nm for polymers 1a -1g and at 356 -372 nm for polymers 2a -2g, and the second peak at about 480 nm (low intensity) (Tab. 3). The presence of two azo groups in the diamine chromophore causes in most cases a bathochromic shift of the absorption bands. UV-vis spectra recorded for the polymer films cast from DMA show a broad absorption in the region of 300 -600 nm (Fig. 4. 
Optical grating recording
The ability of formation of diffraction gratings in the studied polymers was checked conducting standard degenerate two-wave mixing experiments using laser light of a wavelength lying within the chromophore absorption band. We focused our attention on the influence of the polymer structure on the dynamics of grating formation. Diffraction gratings with the period Λ = 5.9 µm were recorded under the same experimental conditions (λ = 514.5 nm of Ar + cw laser). Input light powers were P 1 = P 2 = 12.5 mW and two distinct polarisations were employed: s-s when two incoming beams I 1 and I 2 are linearly polarised with the electric field vector perpendicular to the incidence plane and s-p when one of the polarisations was turned by 90°. Such a type of experiment checks both the material's ability for absorption and refractive index grating formation as well as polarization grating, which is uniquely related to a certain class of photochromic polymers, namely those in which trans-cis conformational changes of the chromophore are possible. The temporal dependencies of the square root of diffracted power signals in a self-diffraction experiment were fitted using mono or double exponential functions of the from:
where τ 1 and τ 2 are time constants of fast and slow components of the ) ( I t P curve, P I -maximum of power diffracted into first diffraction order. The reason of taking the square root of the diffracted signal was the willing to observe the temporal evolution of absorption coefficient and refractive index. Results of holographic grating recording experiments are presented in Tab. 4.
The diffraction efficiencies (η max ) are relatively small and are in the range of 0.1 -0.69% (films are highly absorbing) with the highest value for poly(amide-imide) 1c. The dynamics of the grating build-up is faster for the polymers containing a chromophore with one azo-group than for those with two azo groups.
The kinetics of two characteristic holographic recording processes (s-s and s-p) is shown in Fig. 5 . From the plots presented there, one can notice that both used polarisation configurations allow for grating recording. We have observed that the kinetics of grating is usually faster for s-s polarisation than for s-p, probably due to higher illumination peak intensity for s-s type of recording. The poly(amide-imide) 2b shows a different shape of the response for s-s polarisation (a maximum), which is probably related to slanted grating build-up in the material, whereas for s-p polarisation the usually observed saturation of the diffraction signal is not reached within the observation time. Additionally to the bulk gratings, nanoscale surface relief gratings were observed in the studied polymers. As an example, the surface relief grating observed with atomic force microscopy in poly-(amide-imide) 2b foil is shown in Fig. 6 . The amplitude of this grating, c. 100 nm, is one of the highest observed in this group of polymers.
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Surface relief grating observed by atomic force microscopy in poly(amide1c ( λ = 514.5 nm, s-s polarization) Fig. 6 . imide)
The diffraction efficiency measured in various functionalized polymers could differ in magnitude. It depends on the mechanism of optically induced molecular alignment and the rate of angular diffusion for trans molecules but also on viscous properties of the polymer matrix, absorption spectrum and film thickness.
Conclusion
New azo-group containing poly(amide-imide)s have been prepared and characterised for their ability of dynamic holographic grating recording. These polymers are candidates for many photonic applications including photonic switchers, optical memory media and media enabling alignment of nano-particles via surface relief-grating formation.
